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In this study, the effect of residual stress on the stress corrosion cracking behavior of welded Ti-6Al-4V
alloy was investigated by means of electrochemical noise. The residual stress is effectively relaxed by
local rapid induction heating, and the higher heat treatment temperature leads to lower residual stress.
The residual stress has a significant effect on the mechanical properties and sensitivity of stress corrosion
cracking under the slow strain rate tensile test, which respectively increases and decreases continuously
with the gradual relaxation of residual stress. The results indicate that a sample with lower residual stress
shows higher corrosion resistance and later occurrence time of localized corrosion during the slow strain
rate tensile test. The relaxation of residual stress significantly inhibits the stress corrosion cracking
process.
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1. INTRODUCTION

Titanium alloy is a new type of engineering material with high specific strength, low thermal
conductivity, good damping capacity, and excellent heat resistance and corrosion resistance, and it has
been widely employed in the aerospace, automobile and chemical industries as steel [1,2]. At present,
the application range of titanium alloys is gradually expanding and the usage of this material in various
fields is continuously increasing [3-5]. Welding technology has become the important processing
method in the manufacturing field of titanium alloy [6-9]. For welded titanium alloy, the uneven
temperature field and the change of microstructure during the welding process will inevitably lead to
welding residual stress, and the existence of residual stress will have a great influence on many properties
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[10-13]. Stress corrosion cracking may occur in titanium alloy during the application process, and the
residual stress is the main factor affecting stress corrosion cracking behavior [14-17]. The residual stress
may induce high sensitivity of stress corrosion cracking of welded titanium alloy in specific corrosion
mediums [18-22]. Therefore, it is necessary to adjust the residual stress of welded titanium alloy to
inhibit the stress corrosion cracking and enhance the safety and stability. Unfortunately, there has been
little research conducted in the abovementioned area.

After years of continuous development, electrochemical noise has become an effective method
for studying the electrochemical corrosion process; it can monitor the key information in the electrode
reaction process and has been widely used in the corrosion research of various metal materials [23-27].
At present, the stress corrosion cracking behavior of steel and nickel alloy has been studied by the
combination of electrochemical noise and the slow strain rate tensile test, but there has been almost no
research conducted regarding titanium alloy and its welded joints [28-31]. In this study, local rapid
induction heating was employed to adjust the residual stress of welded Ti-6Al-4V alloy, and the control
of residual stress for inhibiting stress corrosion cracking of welded Ti-6Al-4V was investigated by
describing the electrochemical noise during the process of the slow strain rate tensile test.

2. EXPERIMENTAL PROCEDURE

2.1 Material

Commercial annealed Ti-6Al-4V alloy sheets with a size of 240 mmx50 mmx1 mm were used
in this study, and the chemical composition is shown in Table 1.

Table 1. Chemical compositions (wt.%) of commercial annealed Ti-6Al-4V alloy sheets.

Element Ti Al V Fe Si C O H N
Content Balance 5.9 4.0 0.08 0.005 0.02 0.1 0.002 0.03

2.2 Welding process

In this study, Ti-6Al-4V alloy sheets were welded via a Rofin-DCO030 pulse laser welding system.
The faying and joining surfaces of all Ti-6Al-4V alloy sheets were mechanically brushed, acid pickled
in hydrofluoric acid solution and then cleaned by acetone to remove any contaminants and surface oxides
prior to the clamping and welding. The laser beam was focused on the top surface of the workpiece.
Because Ti-6Al-4V alloy was highly reactive with ambient gases at high temperature, the fusion zone
and heat-affected zone of the welded joint was shielded using ultrahigh-purity argon gas until they were
cooled below the reactivity temperature during the welding process. The welding parameters are listed
in Table 2.
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Table 2. Laser welding process parameters of commercial annealed welded Ti-6Al-4V alloy sheets via
a Rofin-DCO030 pulse laser welding system.

Parameters Power (W) Frequency (Hz) Wezgr:?r% iSnF;eEd Argo(rll/I [;rg)ssure
Value 800 35 1 0.12

2.3 Local rapid induction heating

This study applied reciprocating local rapid induction heating to adjust the residual stress of
welded Ti-6Al-4V alloy. The local rapid induction heating system was composed of a 60-kW/25-kHz
solid-state induction power supply and induction coil, and the induction coil was used to scan the
workpiece. The temperature of induction heating was 500 °C, 600 °C and 700 °C, respectively, which
was measured and controlled by turning the induction power supply off and on as needed based on an
infrared thermometer focused on the surface of the workpiece. The induction coil was located directly
above the workpiece, the heating width was 20 mm, and the reciprocating speed was 120 mm/min with
15 reciprocating instances. The power supply was turned off at the end of induction heating, and the
workpieces were placed in air and cooled to room temperature. Figure 1 exhibits the schematic diagram
of the induction heating process, and the moving direction of the workpiece is displayed by the black
arrow.
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Figure 1. Schematic diagram of local rapid induction heating for commercial annealed welded Ti-6Al-
4V alloy sheets via a Rofin-DC030 pulse laser welding system.

2.4 Residual stress measurement

A Philips X-Pert diffractometer with a parallel Cu Ko radiation source was used to analyze the
residual stress distribution in welded Ti-6Al-4V alloy through the traditional sin?y method. The step of
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the 26 angle was 0.05°, and the scan speed per step was 1 s. The diffraction angle 26 required to calculate
the residual stress was 70°-72°, and sin?y was set at 0, 0.05, 0.1, 0.15, 0.2, 0.25 and 0.3 for each
measurement point. The peak search result and 26-sin?y were subsequently recorded, and the slope of
A(20)/IA(sin?y) was determined by the linear equation least square method. In the measurement, the
working voltage was 40 kV, and the working current was 40 mA.

2.5 Slow strain rate tensile test

Stress corrosion cracking of welded Ti-6Al-4V alloy was investigated through a LETRY-WDL-
1000 slow strain rate tensile testing machine with a constant strain rate of 3x107/s; this accelerated test
provides reliable information on stress corrosion cracking susceptibility and has been widely used. A
polytetrafluoroethylene cell with end caps was used to form a reaction chamber. The dimensions of the
tensile sample are shown in Figure 2. The sample only exposed the weld seam to the corrosive medium,
and the remaining area was sealed with silicone rubber. The tensile samples were uniaxially loaded in
the slow strain rate tensile machine at room temperature, and the test continued until the samples
fractured completely. For comparison, the samples were also measured in air under the same strain rate
at room temperature. The elongation and tensile strength were achieved for each sample after the slow
strain rate tensile test, and this approach helped to quantify the change in the mechanical properties of
the samples. The corrosion medium used for the tests was 0.1 M lithium chloride-methanol solution
prepared from analytical-grade chemical reagents. Each test was repeated three times, and the presented
result is the average value of these tests. It was noticed that there was no apparent discrepancy among
the test results, and the results were thus considered to be reliable and reproducible.
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Figure 2. Dimensions of tensile samples of commercial annealed welded Ti-6Al-4V alloy sheets via a
Rofin-DCO030 pulse laser welding system tested under the slow strain rate tensile test with a strain
rate of 3x107/s in 0.1 M lithium chloride-methanol solution, mm.

2.6 Electrochemical noise measurement

In this study, a Gamry Reference 3000 electrochemical workstation was employed to measure
the electrochemical noise of welded Ti-6Al-4V alloy under the slow strain rate tensile test. It is difficult
to achieve the same state between the two tensile samples in the process of electrochemical noise
measurement, so the improved electrochemical noise measuring technology "Electrochemical Emission
Spectroscopy” was applied by using the reference electrode as the silver/silver chloride/methanol
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electrode, the working electrode as the tensile sample, and the counter electrode as the platinum
microcathode [32-37]. Different from the traditional electrochemical noise measurement, there was only
one working electrode in the three-electrode test system during the modified measurement, and the other
working electrode was replaced by a microcathode with a sufficiently small area. Therefore, the working
electrode was still in a self-corrosion state after being coupled with the microcathode, and the corrosion
behavior of the working electrode eventually remained unchanged. During the process of
electrochemical noise measurement, the current noise signal was simultaneously monitored as a function
of testing time between the tensile sample and the counter electrode using a zero-resistance ammeter.
No bias voltage was applied to the tensile sample, and the measurement acquisition was performed over
a period of 512 s with a sampling frequency of 10 Hz, which corresponded to a sampling time of 0.1 s.
Measurements were stopped until the tensile samples fractured completely during the slow strain rate
tensile test. The direct current component in the original noise signal was removed from the measured
data before time-domain analysis and frequency-domain analysis. Each test was carried out with three
replicates to ensure the measurement repeatability.

3. RESULTS AND DISCUSSION

3.1 Residual stress in welded Ti-6Al-4V alloy

Figure 3 shows the residual stress distribution in welded Ti-6Al-4V alloy before and after
induction heating. For the nontreated sample, there is a tensile stress zone located between the welding
centerline and the position located approximately 20 mm away from the weld seam center. The peak
value of the tensile stress appears at the center of the weld seam and reaches 317 MPa, indicating that a
high level of residual stress has been introduced during the welding process. As the distance from the
weld seam center gradually increases, the residual stress value decreases rapidly and is close to 0 MPa
at the edge of the tensile stress zone. Because the internal stress has the function of self-equilibrium, the
compressive stress appears in the area outside of the tensile stress zone, and the peak value of the
compressive stress reaches -73 MPa, which appears at the position located approximately 30 mm away
from the weld seam center. Subsequently, the residual stress fluctuates and changes into tensile stress
with a value of 24 MPa again at the position located approximately 40 mm away from the weld seam
center.

After the induction heating, the distribution trend of residual stress on the side of the weld seam
is largely the same. The residual stress at the center of the weld seam is significantly relaxed and
decreases rapidly, and the stress at the position located away from the weld seam center also decreases
by varying degrees. The effect of induction heating on stress relaxation is clearly related to the heating
temperature, and a higher temperature caused a lower value of residual stress. When the induction
heating temperature is 700C, the tensile stress at the weld seam center is reduced from 317 MPa to 47
MPa, which is 85.3% lower than that of the nontreated sample. This result indicates that the residual
stress of the welded Ti-6Al-4V alloy has been effectively relieved through the induction heating
treatment. Related research used an electron beam to perform local heat treatment on welded Ti-6Al-4V
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alloy and obtained a conclusion similar to that of this study [38]. It was found that tensile stress with a
peak value of 553 MPa existed near the center of the weld seam, and the stress reduced rapidly with
increasing distance from the weld seam center. The stress value at the position located approximately 5
mm away from the weld seam center was 0 MPa, and compressive stress with a peak value of -86 MPa
appeared at the position located 12 mm away from the center of the weld seam. The value of residual
stress at the weld seam center was reduced to 131 MPa after electron beam treatment and was 76% lower
than that of the nontreated sample, which indicated that the residual stress was effectively released [38].
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Figure 3. Residual stress distribution in commercial annealed welded Ti-6Al-4V alloy sheets via a
Rofin-DC030 pulse laser welding system before and after local rapid induction heating with
different heat treatment temperatures.

3.2 Stress corrosion cracking of welded Ti-6Al-4V alloy

The slow strain rate tensile test was applied to welded Ti-6Al-4V alloy to investigate the stress
corrosion cracking in this study [39-44]. Figure 4 displays the stress-strain curves obtained from the slow
strain rate tensile test of samples before and after induction heating in air and 0.1 M lithium chloride-
methanol solution. It can be seen that the curves obtained in air are almost the same no matter how the
processing parameters of induction heating are changed or whether the sample is subjected to induction
heating or not, which shows that the mechanical properties are hardly affected. The mechanical
properties of samples tested in 0.1 M lithium chloride-methanol solution are significantly lower than
those of samples tested in air, indicating that obvious sensitivities of stress corrosion cracking exist in
the welded joint. Related studies have reported similar results for Ti-6Al-4V alloy tested under the slow
strain rate tensile test in air and 0.6% hydrochloric acid-methanol solution, and the elongation of a
sample tested in 0.6% hydrochloric acid-methanol solution showed a significant decrease compared with
that of a sample tested in air [45,46].
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The residual stress relaxation through induction heating greatly enhances the mechanical
properties obtained in 0.1 M lithium chloride-methanol solution, which increased with increasing
induction heating temperature. By comparing the mechanical properties of a nontreated sample and a
sample treated at 700 °C, it is found that the tensile strength and elongation increased by 77.8% and
91.7%, respectively.
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Figure 4. Stress-strain curves obtained from the slow strain rate tensile test with a strain rate of 3x107'/s
of commercial annealed welded Ti-6Al-4V alloy sheets via a Rofin-DC030 pulse laser welding
system before and after local rapid induction heating in air and 0.1 M lithium chloride-methanol
solution: (a) nontreated sample, (b) sample treated at 500 °C, (c) sample treated at 600 °C, and

(d) sample treated at 700 °C.

This study also analyzed the stress corrosion cracking sensitivity of welded Ti-6Al-4V alloy by
evaluating the sensitivity index which is mainly characterized by the relative difference between the
mechanical properties of the samples tested in an inert medium and corrosion medium [47,48]. The
calculation formulas of the sensitivity index are shown as follow:

Ogir — Osol
I; (%) = —— x 100

Ogir

(1)
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I (%) = 24— 5ol 100 @)
alr

where I, and I, represent the sensitivity index of strength and plasticity, gair and osol represent the
tensile strength obtained from samples tested in air and 0.1 M lithium chloride-methanol solution, eair
and esol represent the elongation obtained from samples tested in air and 0.1 M lithium chloride-methanol
solution [38,39]. The mechanical properties and stress corrosion cracking sensitivities obtained from the
slow strain rate tensile test of samples before and after induction heating in air and 0.1 M lithium
chloride-methanol solution are shown in Table 3. It can be seen that the sensitivity index of strength and
plasticity are greatly reduced by residual stress relaxation through induction heating, and a higher
induction heating temperature causes a lower sensitivity index. Clearly, the stress corrosion cracking of
welded Ti-6Al-4V alloy has been effectively inhibited by adjusting the residual stress. Similar results
were also obtained by related studies, which indicated that the plastic sensitivity indexes of Ti-6Al-4V
alloy tested in 0.6% hydrochloric acid-methanol solution containing hydrochloric acid were 52.1% and

92.5% under the slow strain rate tensile test [49,50].

Table 3. Mechanical properties and stress corrosion cracking sensitivities obtained from the slow strain
rate tensile test with a strain rate of 3x107'/s of commercial annealed welded Ti-6Al-4V alloy
sheets via a Rofin-DC030 pulse laser welding system before and after local rapid induction
heating in air and 0.1 M lithium chloride-methanol solution.

Strength Elonaation Strain
Sample Condition Strength (MPa)  sensitivity (g/) sensitivity I,
1, (%) ° (%)
Nontreated Air 936 6.88
Nontreated 0.1 M lithium chlprlde- 241 74.25 0.73 89.39
methanol solution
Treated at 500 °C Air 936 6.73
Treated at 500 °C 0.1 M lithium chlprlde- 315 66.35 0.86 87.61
methanol solution
Treated at 600 °C Air 909 6.99
Treated at 600 °C 0.1 M lithium chlprlde- 395 56.55 113 83.83
methanol solution
Treated at 700 °C Air 930 6.37
Treated at 700 °C 0.1 M lithium chloride- 462 50.32 130 80.48

methanol solution

3.3 Removal of the direct current component in the electrochemical noise signal

The original electrochemical noise signal must be processed by removing the direct current
component before analyzing the noise signal. Related studies have proved that the polynomial fitting
method is highly effective for removing the direct current component in the signal [51]. Taking the
current noise signal as an example, the polynomial fitting method mainly follows the following
relationship when removing the direct current component:

I =1+ ag+a;t+ayt? +ast3 + -+ a,th (3)
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where | represents the original current noise signal and lo represents the real current noise signal.
In this study, the original electrochemical noise signal was processed by the quintic polynomial fitting
method to remove the direct current component. At the same time, the required real signal can be retained
to the greatest extent, and the effective information in the real signal cannot be weakened or even
eliminated [52].
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Figure 5. Current noise signal of the electrochemical noise measurement of commercial annealed
welded Ti-6Al-4V alloy sheets via a Rofin-DC030 pulse laser welding system obtained from an
unstressed immersion test in 0.1 M lithium chloride-methanol solution before and after removing
the direct current component by the quintic polynomial fitting method: (a) original noise signal
before removing the direct current component and (b) real noise signal after removing the direct
current component.
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To describe the effect of polynomial fitting on the removal of the direct current component,
Figure 5 exhibits the current noise signal of Ti-6Al-4V alloy obtained from the immersion test before
and after removing the direct current component. It is clear that the original noise signal distribution
obviously changes after removing the direct current component, and the treated current noise signal
fluctuates around the zero point, which indicates that the removal of the direct current component in the
signal through the quintic polynomial fitting method is reasonable [51,52].

3.4 Time-domain analysis of the electrochemical noise signal

According to the above results in this study, the nontreated sample and the sample treated at 700
°C were selected for electrochemical noise analysis. At this time, there was a great difference in the
residual stresses between the two samples, and it can effectively investigate the effect of residual stress
on the stress corrosion cracking behavior.

The electrochemical noise resistance Rn, skewness coefficient S and kurtosis coefficient K, have
typically been used as the main parameters for time-domain analysis of the electrochemical noise signal
[27,32]. The electrochemical noise resistance Ry is defined as the ratio of the standard deviation of the
potential noise to the standard deviation of the current noise [53]. Taking the current noise signal as an
example, the standard deviation is shown through the following formula:

n n 2
= bty (na)
i=1

i=1

where x; represents the measured transient value of the current noise signal and n represents the
number of sampling points [54]. Rn has typically been used to describe the corrosion resistance of a
material in a corrosion medium. Lower Ry represents worse corrosion resistance, a faster corrosion rate
and a more serious corrosion process, while higher R, means better corrosion resistance, a slower
corrosion rate and a milder corrosion process [27,32,53-56].
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Figure 6. Electrochemical noise resistance R, of the electrochemical noise measurement of commercial
annealed welded Ti-6Al-4V alloy sheets via a Rofin-DC030 pulse laser welding system before
and after local rapid induction heating with different time points obtained from the slow strain
rate tensile test with a strain rate of 3x107/s in 0.1 M lithium chloride-methanol solution.

The electrochemical noise resistance Rn of welded Ti-6Al-4V alloy before and after induction
heating obtained from the slow strain rate tensile test is shown in Figure 6. It can be clearly seen that the
noise resistance of the nontreated sample is relatively low with the highest value of approximately 17
kQ during the slow strain rate tensile test. The noise resistance of the sample has been significantly
improved after induction heating compared to that of the nontreated sample, and the highest value is
approximately 25 kQ at this time. The above results show that the relaxation of residual stress can
effectively improve the corrosion resistance in the process of stress corrosion cracking. In addition, the
noise resistances of the samples decrease gradually during the slow strain rate tensile test, which
indicates that the applied load continuously reduces the corrosion resistances of the samples [57-59].

The skewness coefficient S and kurtosis coefficient Ky, which represent the high-order statistical
parameters to measure the degree of deviation from symmetry and steepness of the electrochemical noise
signal distribution, were also used in the aspect of time-domain analysis [60]. Taking the current noise
signal as an example, the mathematical definition is shown via the following formula:

1 n

Sk = WZ(%‘ - x)° (5)
1 < N

Ky, = m;(xi — %) (6)

where S represents the standard deviation of the current noise signal, xi represents the measured
transient value of the current noise signal, x represents the average value of the current noise signal, and
n represents the number of sampling points. Related studies have shown that a greater difference between
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the Sk value and 0 or that between the K, value and 3 always means a faster corrosion rate and worse
corrosion resistance of the material [61].

Figure 7 displays the skewness coefficient Sk and kurtosis coefficient K, of the current noise
signal of welded Ti-6Al-4V alloy before and after induction heating obtained from the slow strain rate
tensile test, and the absolute differences between the Sk value and 0 and between K, and 3 are also shown
together in the figure. It can be seen that the absolute difference of Sk and Ky of all samples shows the
same change trend, which gradually increases during the slow strain rate tensile test. The absolute
difference of Sk and Ky of the sample treated at 700 °C is obviously lower than that of the nontreated
sample. The results show that the corrosion resistance of all samples during the slow strain rate tensile
test gradually decreases and that the residual stress relaxation through induction heating significantly
improves the corrosion resistance of the sample, which are completely consistent with the results
obtained from electrochemical noise resistance analysis.
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Figure 7. Skewness coefficient Sk and kurtosis coefficient K, (absolute differences between the Sk value
and 0 and between Ky and 3) of the current noise signal of the electrochemical noise measurement
of commercial annealed welded Ti-6Al-4V alloy sheets via a Rofin-DCO030 pulse laser welding
system before and after local rapid induction heating with different time points obtained from the
slow strain rate tensile test with a strain rate of 3x107'/s in 0.1 M lithium chloride-methanol
solution: (a) Sk and its absolute difference of a nontreated sample, (b) Ky and its absolute
difference of a nontreated sample, (c) Sk and its absolute difference of a sample treated at 700
°C, and (d) Ky and its absolute difference of a sample treated at 700 °C.

3.5 Frequency-domain analysis of the electrochemical noise signal

In general, it is difficult to fully characterize the corrosion process and its essential characteristics
by analyzing the electrochemical noise signal in only the time-domain [32,55]. More useful information
can be obtained by converting the noise signal from the time-domain to the frequency-domain for
analysis [56,62-64]. The power spectral density (PSD) can be obtained after the noise signal is converted
to the frequency-domain [65]. The slope is an important characterization parameter of frequency-domain
analysis, which can be obtained by linear fitting of the PSD curve [66,67]. The information related to
the electrode reaction process can be obtained by characterizing the slope, such as the corrosion type and
corrosion tendency of the electrode [68,69]. Taking the current noise signal as an example, Figure 8
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exhibits the PSD curve of the current noise signal of welded Ti-6Al-4V alloy before and after induction
heating obtained from the slow strain rate tensile test.
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Figure 8. Power spectral density of the current noise signal of the electrochemical noise measurement
of commercial annealed welded Ti-6Al-4V alloy sheets via a Rofin-DCO030 pulse laser welding
system before and after local rapid induction heating obtained from the initial stage of the slow
strain rate tensile test with a strain rate of 3x107/s in 0.1 M lithium chloride-methanol solution:
(a) power spectral density of a nontreated sample and (b) power spectral density of a sample

treated at 700 °C.

The PSD curve slope of the current noise signal of welded Ti-6Al-4V alloy before and after
induction heating obtained from the slow strain rate tensile test is shown in Figure 9. It can be seen that
the slope of the nontreated sample tested at 0-4 h is lower than -20 dB/dec and higher than -20 dB/dec
when the slow strain rate tensile test lasted for 6 h. However, the slope of the sample tested at 0-8 h is
lower than -20 dB/dec after induction heating at 700 °C, which is higher than -20 dB/dec when the

sample was tested for 10-12 h.
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Figure 9. Slope of the power spectral density of the current noise signal of the electrochemical noise
measurement of commercial annealed welded Ti-6Al-4V alloy sheets via a Rofin-DCO030 pulse
laser welding system before and after local rapid induction heating with different time points
obtained from the slow strain rate tensile test with a strain rate of 3x107/s in 0.1 M lithium
chloride-methanol solution.

Related studies have found that the material is in a passivation state when the PSD curve slope
is lower than -20 dB/dec, which is higher than -20 dB/dec and indicates that a localized corrosion process
occurred on the material [32,70]. From the above results, it is clear that the occurrence time of localized
corrosion of the nontreated sample is different from that of the sample treated by induction heating. Only
a short length of time is required for the occurrence of localized corrosion of the nontreated sample [57-
59]. After the induction heating, the occurrence time of localized corrosion is clearly delayed. There is
no doubt that the relaxation of the residual stress through induction heating can effectively improve the
stability of the sample surface in the corrosion medium, resulting in the later localized corrosion
occurring on the sample during the slow strain rate tensile test, which effectively inhibits the stress
corrosion cracking process.

3.6 Effect of residual stress on stress corrosion cracking of welded Ti-6Al-4V

For the titanium alloy, it is considered that there is a stable passivation state in the early stage of
the stress corrosion cracking process under the slow strain rate tensile test, and no corrosion occurs on
the sample surface at this time [45]. With the extension of the testing time under the action of tensile
stress and ClI- in the corrosion medium, the passivation state of the sample surface is continuously
destroyed, which leads to the occurrence of localized corrosion [46]. A crack can be generated at the
bottom of the corrosion hole, and there is a high degree of stress concentration at the bottom of the
corrosion hole and the crack tip at this time. Under the influence of tensile stress and electrochemical
corrosion, the crack tip dissolves and propagates rapidly until the sample finally breaks during the slow
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strain rate tensile test [45,46]. The residual stress inside the material is an important factor that affects
the stress corrosion cracking behavior [18-22]. In this study, the corrosion resistance of the sample has
been significantly improved by adjusting the residual stress of welded Ti-6Al-4V alloy, which greatly
delays the occurrence time of localized corrosion under the slow strain rate tensile test and then
effectively inhibits the stress corrosion cracking process in the 0.1 M lithium chloride-methanol solution.
Comparing the nontreated sample with the sample treated at 700 °C, the factor affecting the stress
corrosion cracking sensitivity is the residual stress inside the sample. The relaxation of residual stress
leads to the significant enhancement of corrosion resistance of the sample. According to Gutman's
"Mechanical-Electrochemical Interactions Theory," the applied stress can significantly affect the
electrochemical activity, which can be expressed through the change of the equilibrium electrochemical
potential as shown in the following formula:
APV,
Apg = — ZF (7)
where AP is the stress applied to the electrode material, Vi is the molar volume of the electrode
material, z is the charge number, and F is the Faraday constant [71]. According to the above formula,
related studies have found that the tensile stress can reduce the equilibrium electrochemical potential of
the sample, resulting in the increase of electrochemical activity and the decrease of corrosion resistance
of the sample, and the smaller tensile stress causes the lower electrochemical activity and the higher
corrosion resistance of the sample [72-74]. The tensile stress affecting the stress corrosion cracking
behavior is divided into the residual stress inside the material and the working stress loaded on the
material [18-22]. Therefore, this study has found that the electrochemical activity of the sample
decreases and that the corrosion resistance of the sample is improved during the slow strain rate tensile
test through the relaxation of residual stress, such that the occurrence time of localized corrosion is
delayed. After induction heating at 700 °C, the occurrence time of localized corrosion is delayed by 4 h
compared with that of the nontreated sample; thus, the mechanical properties of the sample increase and
the sensitivity of stress corrosion cracking decreases during the slow strain rate tensile test, and the stress
corrosion cracking process was significantly inhibited.

4. CONCLUSIONS

In this study, the residual stress of welded Ti-6Al-4V alloy is adjusted by induction heating, and
the effect of residual stress on stress corrosion cracking behavior is investigated. The residual stress in
the sample decreases greatly after induction heating, and the higher induction heating temperature leads
to the lower residual stress. The relaxation of residual stress improves the mechanical properties and
stress corrosion cracking sensitivity of the sample under the slow strain rate tensile test. Electrochemical
noise analysis shows that the sample treated by induction heating has higher corrosion resistance and a
later occurrence time of localized corrosion than those of the nontreated sample during the slow strain
rate tensile test. The residual stress relaxation in the welded Ti-6Al-4V alloy significantly inhibits the
stress corrosion cracking process.
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